The abilities of ammonia and related compounds to inactivate poliovirus were compared. Compounds virucidal at pH 9.5 had the following order of activities: ethylamine > propylamine, dimethylamine, methylamine > ammonia > 2-methoxyethylamine.
A study to determine the effect of wastewater sludge on enteric viruses revealed that anaerobically digested sludge contains an agent that inactivates poliovirus (2) . This agent was subsequently identified as ammonia (3) . The possibility that other compounds may have comparable virucidal activities was of interest, especially if these compounds were less toxic than ammonia but retained their activities under physiological conditions. Therefore, the comparative effects of ammonia and a number of amines on the infectivity of poliovirus were examined. As reported here, only those compounds with chemical characteristics quite similar to those of ammonia were active.
The poliovirus type 1 strain CHAT used in these experiments was grown and assayed for biological activity (plaque-forming ability) on HeLa cells as described previously (2) . Poliovirus, radioactively labeled with "C-labeled protein hydrolysate, was grown and purified as described in this same article. All the compounds tested were purchased from Eastman Kodak Co., Rochester, N.Y. For inactivation studies, the virus preparation was diluted into a solution of the compound to be tested, buffered with 0.1 M tris(hydroxymethyl)aminomethane (Tris) at pH 7.0 or 9.5. After incubation at 21°C for the times specified, the pH, biological activity and, where appropriate, recoverable radioactivity of each sample were determined.
The initial experiment was to determine which compounds have significant virucidal activity against poliovirus and whether this activity is pH dependent in a manner comparable to that of ammonia. As shown previously (3) A number of the compounds tested were found to inactivate poliovirus at pH 9.5 but none had significant activity at pH 7.0 (Table 1 ). This result implies that, as was found for ammonia, only the un-ionized forms of these molecules are virucidal. This experiment also shows that small structural variations in these compounds have great effects on their activities.
The activities of several of these compounds were then analyzed in greater detail. For this experiment, inactivation was carried out with purified poliovirus radioactively labeled with "C-labeled protein hydrolysate to eliminate the possibility that loss of infectivity was due to poor recovery.
Ethylamine is clearly the most active compound under the conditions of this experiment (Fig. 1) . Based on the percentages of the compounds in their virucidal states at pH 9.5, the next most active compounds are propylamine, methylamine, and dimethylamine. Ammonia appeared to be less active because the percentage in the un-ionized state was more than ten times greater for ammonia than for these four compounds. This suggestion was supported by the finding that when the percentage of ammonia in the un-ionized state was decreased to 6.9 by lowering the pH to 8.1, the infectivity of poliovirus was still 27% of its original value after 7.5 h at 21°C (data not shown). The only other compound found to have appreciable activity was 2-methoxyethylamine.
These results indicate that only a limited number of the compounds structurally related to ammonia are able to inactivate poliovirus under the conditions examined here and that the activities of these compounds are greatly altered with only small chemical modifications. The latter point is especially evident when the activities of the straight-chain monoamines are compared. The conversion of methylamine to ethylamine by the addition of a single methylene group caused a significant increase in virucidal activity. However, the addition of one more methylene group to form propylamine caused a decrease in activity, and the addition of two methylene groups to form butylamine resulted in a complete loss of detectable activity. Because the solubilities and basicity constants of these four compounds are all comparable, it appears that size is at least one important determinant of the virucidal activities of the compounds examined here. LITERATURE CITED
